The paper builds a two-country model of a monetary union with home bias and price stickiness. Incompleteness of financial asset markets is allowed. In this environment, we derive the solution for optimal behavior by the monetary policymaker and show that welfare can be higher under incomplete markets than under complete markets. The argument is a secondbest one. In a monetary union with equal nominal rigidity across countries, optimal monetary policy stabilizes aggregate, union-wide inflation, but cannot fully stabilize the country-level inflation rates. Market incompleteness results in less volatility of the terms-of-trade (because part of the adjustment goes through the current account), and hence less volatile national inflation rates. Through this channel, welfare ends up being higher under incomplete markets. These results are also robust when nominal rigidity differs across countries and when the form of the monetary policy is modified.
Introduction
This paper measures the welfare costs/gains associated with incomplete financial markets in a monetary union with idiosyncratic productivity shocks and sticky prices. Completeness of financial markets usually yields important welfare gains by allowing agents to share risks perfectly among agents, countries and states of nature. As a counterpart, in multi-country models, relative prices are the favored external adjustment channel, which leads real exchange rates to be more volatile under complete than incomplete financial markets. This may not be a problem in a flexible-price environment. However, this excess of real exchange rate volatility may be costly in a second-best environment, i.e. characterized by idiosyncratic shocks, price stickiness and less policy instruments than targets, as in fixed exchange rates area or monetary unions. In this paper, we show that the costs arising from the excess of real exchange rate volatility under complete financial markets quantitatively exceed the welfare gains related to a better sharing of risks in a second-best environment.
Here, we have in mind the achievement of a monetary union in Europe, often seen as part of a process of integrating goods and financial markets. Financial markets integration is indeed often seen as a necessary step, as the loss of policy flexibility implied by monetary unification requires insurance mechanisms against country-specific shocks. The central result demonstrated in this paper states that achieving financial markets completeness in a second-best environment is not necessarily welfare improving. It therefore appears as an important warning against the simplistic and potentially misleading logic according to which policies aimed at deepening financial markets integration should be the priority when achieving monetary unification.
Formally, the paper builds on a two-country model of a currency area with sticky prices in the spirit of Benigno [2004] allowing for home bias in private consumption and financial markets incompleteness, as in Benigno [2007] . However, contrary to the latter, it is assumed that policymakers face a monetary policy trade-off. Indeed, Calvo contracts introduce a wedge between efficient (flexible prices) and sticky prices fluctuations in country-level labor efforts. As a result, arguments of the utility-based welfare measure that policymakers use to determine their policies include country-level inflation rate as standard arguments in addition to the standard terms-of-trade gap. The first-best equilibrium that actually replicates the flexible prices equilibrium is thus out of reach and the second-best equilibrium is characterized by a stabilization of aggregate inflation (as in Benigno [2004] ) but also features some volatility of country-level inflation rates. As a consequence, even though financial markets incompleteness does not allow agents to smooth consumption optimally, it is associated with a lower volatility of the real exchange rate (driven by differences in country-level inflation rates), which implies welfare gains with respect to a situation of complete financial markets.
First, it is noticeable that this result is robust to various specifications of the monetary policy that the common Central Bank commits to. The result holds under (Ramsey) optimal monetary policy, optimal Taylor rules and simple Taylor-type rules. It is also robust to variations in parameterizations (risk-aversion, labor supply elasticity, asymmetric nominal rigidities). The key point in generating the result is the existence of the policy trade-off implied by idiosyncratic shocks, price stickiness and the limitation of instruments to conduct stabilization policies. Second, our framework encompasses several standard results relative to the welfare gains of perfect risk-sharing in flexible-price environment. When prices are flexible (or when national monetary policies allow for country-level price stability equilibria), perfect risk-sharing is found to increase the welfare, as Benigno [2007] and Van Wincoop [1999] . A reduction in home bias in private consumption is also found to reduce significantly the welfare distance between complete and incomplete financial markets equilibria, as in Cole and Obstfeld [1991] .
Third, the magnitude of welfare gains and losses remains small, in accordance with others studies in sticky-price environments (see for instance Gali and Monacelli [2005] and Faia [2007] ). In average, under sticky prices, incomplete financial markets imply welfare gains corresponding to a 0.01-0.02% increase in permanent consumption for a constant labor effort. Under flexible prices, the welfare gains arising from perfect risk-sharing are equivalent to an average 0.005% increase in permanent consumption.
The remaining of the paper is structured as follows. Section 2 presents the model. Section 3 describes the dynamics of the model and the authorities' loss function. Section 4 determines the optimal (Ramsey) policy. Section 5 analyzes the dynamics of the model after an asymmetric productivity shock. Section 6 presents the welfare analysis under alternative financial markets structures and monetary policies, and presents to some robustness experiments. Conclusions are summarized in Section 7.
A two-country model
The model describes a two-country monetary union with a common Central Bank that controls the nominal interest rate. Each country is populated by a continuum of households of infinite life, an infinite number of firms that are specialized in the production of differentiated goods and a government. Goods markets are characterized by a home bias in consumption bundles and Calvo-staggered adjustment of prices. Financial market incompleteness is allowed.
Households and financial markets
In each country the representative household j ∈ [0, 1] of country i ∈ {h, f } maximizes a welfare index,
subject to the budget constraint,
and the transversality condition,
In (1), the parameter β is the subjective discount factor, C i t (j) is the consumption bundle chosen by the representative household, N i t (j) is its competitive labor supply, σ is the coefficient of risk-aversion and ψ −1 is the elasticity of labor supply. In (2), W i t is the nominal wage in country i for period t,
dk is the profit paid by national firms to the representative national household j. B i t−1 (j) corresponds to the holding of the oneperiod nominal bond at the end of period t − 1 denominated in units of the common currency which pays a gross nominal rate of interest R t−1 between periods (t − 1) and t, T i t (j) is a lump-sum tax paid by household j to the national government of country i. Finally, P i t is the consumer price index in country i in period t, P i,t is the producer price index in country i in period t and AC i t (j) is a portfolio adjustment cost paid in units of domestic goods.
In the case detailed above, the financial market of the monetary union is incomplete and households trade a one-period financial asset. Buying (resp. selling) bonds affects negatively (resp. positively) the individualized interest rate, so that: (i) agents have a strong incentive to return to their initial position in the long run; and (ii) agents belonging to a creditor country face lower nominal interest rates than agents in the debtor country. As underlined by Schmitt-Grohe and Uribe [2003] , this assumption is a convenient way to balance the current account in the long run between union members while preserving its short-run dynamics. We impose a standard quadratic form for portfolio adjustment costs,
where B i (j) is the steady state level of financial assets hold by agent j in country i. Portfolio adjustment costs affect the Euler condition since,
Eq.(3) highlights that creditor (respectively debtor) households face an incentive to increase (respectively decrease) their current consumption. This results in a faster return to their initial asset holdings.
When markets are complete, agents are supposed to have access to a continuum of Arrow-Debreu securities. In this case, the risk-sharing condition holds and then the real marginal utility of consumption is the same among agents and across the monetary union,
Contrary to the case of incomplete financial markets, the measure of the current account that captures changes in asset quantities remains constant: insurance contracts are executed, deliveries are made, and net foreign assets move only to the extent that asset values change.
The labor supply function is standard and depends on the level of consumption and the real wage,
We assume home bias in final consumption bundles (see, for instance Canzoneri and Henderson [1991] and more recently Corsetti [2006] ). The consumption bundle of consumer j living in country i,
, and the companion consumption price index P i t is,
is the home bias. The parameter 2α i also proxies the openness of the final goods market in country i. Finally, µ ≥ 1 is the elasticity of substitution between domestic and foreign goods.
Consumption subindexes are,
is the consumption of a typical final good k of home (resp. foreign) country by the representative consumer j of country i and θ > 1 is the elasticity of substitution between national varieties of final goods. We assume that firms do not discriminate the market they address and that their retail prices are identical in both countries. The corresponding prices of domestic and foreign goods in country i are,
Accordingly, optimal variety demands are,
Since portfolio costs are paid in units of goods, i.e.
. Finally, we define the terms-of-trade in the currency area as,
Firms
Each firm produces a single variety k in country i ∈ {h, f } using national labor according to,
where ξ i t+1 is an i.i.d innovation with zero mean and constant variance.
Following Calvo [1983] , we assume that in economy i ∈ {h, f }, a fraction (1 − η i ) of randomly selected firms is allowed to set new prices each period. Firms set prices higher in comparison of the typical mark-up pricing, depending on the expected period during which they will be unable to reset. The corresponding optimal price is,
In this expression, τ is a subsidy that compensates the distorting effects of monopolistic competition in the economy.
is the aggregate demand addressed by firm k on 2 Monopolistic competition distorts the first-best allocation through mark-up pricing and a lower output. An optimal subsidy policy restores the optimal perfectly competitive allocation. The importance of this result in the analysis of optimal monetary policy was brought to the attention of macroeconomists since Rotemberg and Woodford [1997] and discussed more recently by Benigno and Woodford [2005] .
the final goods market. Aggregating among firms and assuming behavioral symmetry of Calvo producers, the average price of final goods in nation i ∈ {h, f } is,
Governments
Fiscal policy is aimed at closing first order distortions related to the monopolistic structure of final goods markets.
3
Governments finance the corresponding subsidy made to firms through a lump-sum tax on households. Their budget constraint is,
General equilibrium

For any sequence of productivity shocks
, an equilibrium is a sequence
that satisfies households and firms optimality conditions for a given set of prices
in a way that is compatible with the clearing of markets described below.
Defining aggregate supply bundles as
and assuming α h = α and α f = 1 − α, final goods markets clear according to,
Labor is immobile, so that
−θ dk is the dispersion of production prices in country i.
The international financial market clearing condition is,
Finally, consolidating households, governments and firms resources constraints, the dynamics of net foreign assets in country h is given by
A linear-quadratic framework
We solve the model applying standard linearization methods. We define the optimal policy as the minimization of a welfare loss function constrained by the model. This approach usually requires that the model is solved with a second order approximation to avoid spurious welfare reversals documented by Kim and Kim [2003] . However, Benigno and Woodford [2006] have shown that the solution of the optimal policy problem can be set in the convenient linear-quadratic form while remaining valid when the second order approximation of the welfare-based loss function yields a purely quadratic function, which is the case in our framework.
Steady state
The model is solved in log-deviation with respect to the symmetric steady state. In the symmetric steady state
A. The compensation of first order distortions requires that the government sets
. Price indexes are such that DP = 1, final goods markets give C = Y , and the production function is Y = AN . Combining these relations with the leisure arbitrage, we get, Y = A 1+ψ ψ+σ . For tractability, we assume
Since the model features no money holding, the price level is defined arbitrarily to P = 1.
The model in deviation from the natural equilibrium
The natural equilibrium, corresponding to the flexible price equilibrium with complete financial markets, is considered as the benchmark for the definition of the optimal policy. We thus express the linear dynamics of the model in deviation from the natural equilibrium. Applying the standard linearization procedure, we consider x i t as the logdeviation of X i t , ∀t for i ∈ {h, f } from the steady state. Defining x t as the natural equilibrium dynamics of x t , we finally define the deviation of a variable from the natural equilibrium as x t = x t − x t .
Complete financial markets
Under complete financial markets, the model expressed in deviation from the natural equilibrium is given by,
where α =
(1−2α) 2 +4σµα(1−α) 2σ
is the average value of X in the monetary union and
) its relative value. Eq. (5) is the contraction of the relative expression of the final goods market equilibria (for the right-hand side element) and the relative production functions (for the left-hand side element). Eqs. (6) and (7) summarize the union-wide and relative expressions of Euler equations. Eqs. (8) and (9) are the expressions for modified Phillips curves, obtained by expressing marginal cost in terms of variables in deviation from the natural equilibrium.
Incomplete financial markets
We expose the dynamic equilibrium under incomplete financial markets. Since B = 0, we define the log-linear expression of B 
In this case, the model in deviation from the natural equilibrium,
where
The equations are slightly modified with respect to the case of complete financial markets. Since the risk-sharing condition does not hold anymore, Eq. (11) indicates that the equilibrium of the final goods markets depends both on relative consumption and on the terms-of-trade. Eq. (12) is unchanged. Eq. (13) 
The authorities loss function
To determine the optimal policy and to rank alternative situations, we adopt a welfare measure based on the aggregate utility function,
where, after using symmetry among agents,
The welfare measure is computed using second-order approximations of ω T and equilibrium conditions, and expressed as a quadratic function of endogenous variables in deviation from their natural equilibrium paths,
The extensive derivation is available in appendix.
The welfare measure (18) admits standard arguments, such as national inflation rates and the aggregate consumption gap. However, the welfare measure also penalizes regional asymmetries, since deviations of terms-of-trade, of relative consumption and of relative effort are costly.
Monetary policy
In this section, we compute the optimal monetary policy under complete and incomplete financial markets, and then consider that the common Central Bank follows an interest rate rule that in fact may not be optimal.
Optimal policy under complete and incomplete financial markets
We first compute the optimal plan under complete financial markets. It is defined as the minimization of the welfare loss function (18) subject to the linear dynamic system (5)-(10). Assuming that the social planner can commit for an infinity of periods and adopting Woodford's timeless perspective, the optimal policy is obtained by minimizing the following Lagrangian,
After some algebra, first order conditions collapse to the following optimal targeting rules,
augmented with constraints (8)-(10).
Second, we compute the optimal plan under financial market incompleteness. The optimal policy is obtained by minimizing the following Lagrangian,
augmented with constraints (14)- (16).
Interest rate rule
We assume that the common Central Bank commits to a price stability policy. A full stabilization of the aggregate inflation rates and output gap implies π However, r t = 0 or equivalently r t = r t can not be interpreted as a rule that the Central Bank could follow to implement its price stability policy.
As shown by Gali and Monacelli [2005] , setting r t = 0 results in indeterminacy. Uniqueness can be restored by having the Central Bank committing to the following rule,
or equivalently,
This policy rule will be referred to as an optimal Taylor-type monetary policy rule (or IRR1), since this policy rule permits the implementation of the optimal monetary policy consisting in aggregate price stability. However, it is often argued that monetary authorities could not commit to such a rule because the natural real interest rate (depending on models underlying shocks) is not observable. For this reason, we also investigate the case where the common Central Bank commits itself to the following rule, r t = φ π π u t , referred to as a simple Taylor-type rule (or IRR2).
Dynamics
In this section, we calibrate the model under both complete and incomplete financial markets. We then analyze the dynamic properties in both cases and highlight the mechanisms behind our results.
Baseline parameterization
We calibrate the deep parameters of the model based on standard values found in the literature. Following Beetsma and Jensen [2005] , the degree of risk aversion is σ = 2. The value of ψ refers to Canzoneri, Cumby and Diba [2007] and varies between 5 and 15. For the baseline case, we choose ψ = 5. In the literature, estimates of µ, the elasticity of substitution between domestic and foreign goods, range from 1 to 12. For example, estimates of Backus, Kehoe and Kydland [1995] range from 1 to 2 while estimates of Harrigan [1993] range from 5 to 12. We set µ = 2 and then check for robustness with other values of this parameter (from 1 to 10). The elasticity of substitution across varieties determines the average mark-up, which according to Rotemberg and Woodford [1997] is around 16-17% , implying θ = 7. We set the openness parameter to α = 0.25 in the benchmark calibration and, following Faia 
Dynamics with optimal monetary policy
In the case of complete financial markets, the risk-sharing condition holds implying that external adjustment after asymmetric shocks hinge on real exchange rate fluctuations only, namely,
The basic intuition of the paper is that the incompleteness of financial markets may improve the welfare in a second-best environment. The Central Bank of the monetary union, reacting to union wide of the inflation rate when asymmetric shocks arise, is not able to stabilize fluctuations of national inflation rates. As a consequence, the way the external equilibrium is reached under alternative structures has an impact on the volatility of the terms-of-trade, and thus on national inflation rates which entails significant welfare consequences. In particular, our main result is that the incompleteness of financial markets promotes a smoother ride of terms-of-trade, and thus of countrylevel inflation rates, which is the most heavily weighted component of the welfare measure (Eq. 18). Despite the losses implied by imperfect risk-sharing among currency area participants, we show that the welfare improving effect of financial markets incompleteness dominates. Figure 1 plots the Impulse Response Functions (IRFs) of interest variables in the monetary union after a unit domestic productivity innovation when the Central Bank targets an optimal monetary policy both in the case of complete and incomplete financial markets. The figure illustrates the smoothing effect that financial markets incompleteness exerts on national inflation rates in the case of an asymmetric productivity shock.
A positive productivity shock reduces the marginal cost of domestic firms, and thus implies a significant deflation. The optimal policy requires that policymakers make use of their monetary instruments, for example the nominal interest rate, to stabilize the aggregate inflation. This policy requires that the foreign economy experiences a significant level of inflation that exactly offsets the domestic deflation and implies a zero aggregate inflation rate in the equilibrium. Moreover, since prices are sticky, termsof-trade are also sticky and a negative terms-of-trade gap thus arises: terms-of-trade increase in the natural equilibrium with flexible prices and complete markets, but not as much in the sticky-price environment. Relative consumptions
Quarters %deviation
Under complete financial markets, the external adjustment of currency area members when undergoing asymmetric productivity shocks relies exclusively on the real exchange rate (that exactly corresponds to the terms-of-trade in our setting) and assets quantities do not change. As a consequence, the risk-sharing condition induces a positive gap of relative private consumptions, while the standard wealth effect would give rise to a negative gap of relative private consumption (an over-adjustment of the domestic consumption triggered by the deflation and an under-adjustment of the foreign consumption triggered by the inflation).
Under incomplete financial markets, the pressure on the terms-of-trade to adjust externally is lower. The external adjustment of currency area members occurs through the additional channel of assets quantities. As a consequence, the gap of the termsof-trade and the gap of the relative consumptions are thus determined independently that results in lower cumulated responses of national inflation rates and increases the response of the gap of the terms-of-trade. Indeed, since the terms-of-trade are less responsive, their distance to the natural equilibrium increases when national inflation rate become less responsive. Since the negative relation between the gap of the termsof-trade and the gap of the relative consumptions is broken, the wealth effect now entirely drives a negative relative consumption gap.
Dynamics with interest rate rule
We now study the dynamics of the economy assuming that the Central Bank follows an interest rate rule as described in Section 4.2. One may remark by looking at Figure 2 that the adjustment pattern of the countrylevel inflation rates and of the gap of terms-of-trade is unchanged. The productivity shock implies a deflation in the domestic economy and a positive response of inflation in the foreign economy, triggered by the Central Bank's reaction that lowers its nominal interest rate and increases the transmission of the shocks among the currency area members. Terms-of-trade thus increase but not as much as under flexible prices and a negative terms-of-trade gap arises.
Under complete financial markets, the reaction of the terms-of-trade is higher (the gap is lower) because the external adjustment relies only on the terms-of-trade, which drives-up the reaction of the country-level inflation rates after the shock. Risk-sharing is better however in this case and the distance to the natural equilibrium is much lower under complete financial markets, as depicted by the small magnitude of the responses of the gaps of relative hours, of the relative consumptions and of the net foreign assets. The risk-sharing condition implies a positive gap of relative private consumptions. In addition, the gap of relative hours -that is strictly equivalent to the gap of relative output levels -is positive. The output gap is negative in the domestic economy and positive in the foreign economy, which is consistent with the reaction of country-level inflation rates.
Under incomplete financial markets, the reaction of the terms-of-trade is lower (the gap is higher) because the external adjustment now relies both on the terms-of-trade and on the current account, which tends to smooth the reaction of the country-level inflation rates after the shock and enhance the reaction of the relative hours, the relative consumptions and the net foreign assets. In this case, much of the external adjustment and of the smoothing of relative wealth across countries and time occurs through the measure of the current account that captures changes in assets quantities. Consequently, the adjustment to transitory shocks in this environment is driven more by changes in quantities (consumptions, hours) while the adjustment under complete financial markets is driven more by changes in prices. For that reason, the persistence of the shocks is playing a key role in terms of the quantitative differences between incomplete and complete financial markets, as the equilibrium under both specifications tends to rely more on prices as shocks become more permanent.
Welfare costs/gains
In this section, we measure the welfare costs or gains arising under alternative financial structures in a monetary union subject to asymmetric productivity shocks. We do this for different monetary policy specifications. We highlight the fact that financial markets incompleteness yields welfare gains that more than compensate the welfare costs related to imperfect risk-sharing as long as (i) prices are sticky enough and (ii ) private consumption is home biased. These results hold under all specifications of the monetary policy (optimal plan, a Taylor-type rule and a simple Taylor-type rule) and for most plausible values of parameters.
One may notice that if the result holds for any degree of price stickiness under the optimal plan, it holds under a Taylor-type rule as long as the degree of price stickiness lies above a certain threshold (η = 0.38). In these cases, financial markets incompleteness is associated with a lower volatility of national inflation rates since the external adjustment after asymmetric productivity shocks relies less on the terms-of-trade as revealed by the analysis of IRFs. In addition, we show that the sharing of the risk allowed by complete markets is welfare improving when prices are flexible. Finally, openness on goods markets dramatically reduces the welfare distance between incomplete and complete financial markets equilibriums, as demonstrated by Cole and Obstfeld [1991] . Finally, we check the robustness of our results to variations of the deep parameters and conclude the section by allowing the degree of price rigidity to differ across countries.
Welfare gains/losses are expressed in terms of permanent consumption, so that,
where ω a T and ω b T are the welfare in two different monetary policy situations for the same financial market structure or two different situations in terms of financial market structure for the same monetary policy regime.
Price stickiness and welfare
Welfare gains/losses of risk sharing of alternative financial structures and monetary policies are reported in Table 1 . Consistent with other studies (see Kim, Kim and Levin [2003] ), when prices are flexible, we find that incomplete financial markets imply imperfect risk-sharing, generating welfare losses rising to an average decrease of permanent consumption of about 0.0052% (third column of Table 1 ). Alternatively, interpreting the situation of flexible prices as a situation where independent national monetary policies stabilize national inflation rates, our results are directly related to those of Benigno [2007] . We report results of the same magnitude since risk-sharing is associated to an average 0.0052% welfare gain while he reports gains ranging from 0.0024% for σ = 1 to 0.0069% for σ = 6 with productivity shocks only. Our results also comfort those of Cole and Obstfeld [1991] according to which trade integration may help replicating the complete asset markets equilibrium. Indeed, openness clearly lowers the magnitude of welfare gains related to risk-sharing (see also Figure 3 ).
When prices are sticky, Tables 1 and 2 provide a set of results indicating that (i) the optimal plan always Pareto-dominates the equilibrium with a Taylor-type monetary policy rule and (ii) incomplete financial markets prove welfare enhancing for most plausible values of the deep parameters both under the optimal plan and under monetary policy rules.
Detailing the first set of results, the first and second columns of Table 1 indicate that commitment to the optimal plan yields welfare gains with respect to Taylor-type rules reaching 0.0226% and 0.0218% respectively under complete and incomplete financial markets. More generally, Table 1 displays welfare gains of following the Ramsey policy ranging from 0.0033% to 0.0523%. These figures are in clear accordance with those of Gali and Monacelli [2005] and those of Benigno [2007] . As policy become more and more distant from the optimal plan, Table 2 displays increasing volatilities of country-level inflation rates both under complete and incomplete financial markets. Finally, one shall notice that the volatility of the aggregate consumption gap is zero both under the optimal plan and the first type of Taylor rule while it is positive when the central bank commits to a simple Taylor-type rule. In this last case, when the currency area experiences asymmetric shocks, the aggregate inflation rate is not fully stabilized and as a consequence, country-level inflation rates do not fluctuate by the same magnitude (while they still move in opposite directions as under the optimal plan and under optimal Taylor-type rules). This remark is important because it indicates that results concerning the welfare gains of incomplete financial markets are robust to the specification of monetary policy rules.
We now analyze the results displayed by columns 4, 5 and 6 of Table 1 , showing that incomplete financial markets are associated to welfare gains with respect to the situation of perfect risk-sharing. As demonstrated by the analysis of the impulse response functions after an asymmetric home productivity shock, incomplete financial markets introduce an additional external adjustment channel and restore the role of the current account. The general idea behind our results is thus that incomplete financial markets, by allowing the external adjustment to rely on the current account and lowering the pressure on terms-of-trade, give rise to less volatile country-level inflation rates, as depicted in Table 2 . In the loss function and for the baseline calibration, weights on inflation are θ 2k
40 while weights on terms-of-trade gaps, relative consumptions gaps and relative hours gaps are respectively µα (1 − α) 0.37, σ = 2 and ψ = 5. As a consequence, welfare gains associated with lower volatility of inflation rates more than compensate for welfare losses related to higher volatility of gaps in terms-of-trade, relative consumptions or relative hours (see Table 2 ). The situation of incomplete financial markets thus Pareto-dominates the situation of complete financial markets in a monetary union characterized by sticky prices and subject to asymmetric productivity shocks. According to our results displayed in Table 1 , the incompleteness of financial markets is associated to an average 0.0166% welfare gain under the optimal plan, 0.0176% when monetary policy is conducted using an optimal Taylor-type rule and 0.0192% when monetary policy is being conducted using a simple Taylor-type rule. 
Sensitivity analysis
Figure 3, 4 and 5 complement the results described in Table 1 and 2 by running a more systematic sensitivity analysis of our main results. The general conclusion of this sensitivity analysis is twofold. First, key parameters in generating our results are the preferences parameters (the elasticity of labor supply, the risk-aversion parameter, home bias), the parameters determining the degree of prices stickiness and those governing the persistence of the exogenous shocks. Second, alternative specifications for the common monetary policy have marginal effects on the magnitude of the results, implying that the relevant assumption is the existence of a currency area with a central bank targeting the aggregate inflation rate. The sensitivity results may be summarized as follows:
The Frischian elasticity ψ lowers the welfare losses independently of the financial structure, since fluctuations have less impact on hours worked.
(ii): First, the risk-aversion parameter σ also lowers the volatility of private consumptions, which lowers the overall costs of economic fluctuations. Second, risk-aversion crucially affects the volatility of the terms-of-trade, at the heart of our results. Under complete financial markets, the risk-sharing condition is binding, implying that higher values of σ lower the volatility of the terms-of-trade required to adjust externally for a given volatility of relative consumptions. As a result, the volatility of country-level inflation rates under complete financial markets is reduced by an increase of σ and the welfare distance between complete and incomplete situations is dampened.
(iii): α exerts powerful effects on our results. On one hand, α increases the volume of goods traded and implies a higher volatility of the current account. Since the current account is at the heart of our results, an increase of α should amplify welfare gains associated with incomplete financial markets. On the other hand, the risk-sharing condition shows that a higher value of α implies a lower response in the terms-of-trade to a given variation of relative consumptions. The implied lower terms-of-trade is welfare enhancing and, again, dominates the first effect.
(iv):
The elasticity of substitution between home and foreign goods, µ, impacts negatively the welfare gains associated with incomplete financial markets. When goods become better substitutes, (i) the expenditure-switching effect is higher for a given variation of relative prices, i.e. the terms-of-trade, or (ii) the required variation of the terms-of-trade to meet the external equilibrium is lower. In both cases, the welfare distance between complete and incomplete financial markets determined by differences in terms of terms-of-trade volatilities, tend to decrease.
(v):
The degree of price stickiness has a positive impact on welfare gains associated with incomplete financial markets. When differences in country-level inflation rates become more persistent, a mechanism that lowers cumulated country-level inflation rates becomes more and more attractive from a normative point of view, i.e. in terms of welfare. Moreover, higher values of η are associated with lower k i and improve the weight of national PPI inflation rates in the welfare function.
Running simulations across the whole spectrum of possible values of η in the case of symmetric nominal rigidities, Figure 4 highlights the fact that when prices become more flexible, there is a point at which financial markets incompleteness becomes costly in terms of welfare. For the baseline calibration of the model, the threshold value corresponds to η = 0.38. As long as η is inferior to this threshold value, the costs of imperfect risk-sharing dominate the gains of smoother national inflation rates.
(vi): Figure 3 and 4 also report the welfare gains of financial markets incompleteness for varying values of portfolio management costs. While irrelevant in the case of the optimal plan, this parameter is found to have very little impact on the magnitude of our results. As a matter of fact, the introduction of financial intermediation costs is more a technical trick allowing us to pin down a unique steady state of the economy under incomplete financial markets than an important assumption in terms of our results. The sensitivity analysis reveals that modifying the value of this parameter does not really affect our results since welfare gains range from 0.019% to 0.014% when χ ranges from 0 to 0.01, which corresponds to an average annual interest rate premium varying from nearly 0% to 4%.
(vii):
The persistence parameter ρ a has a negative impact on welfare gains associated with incomplete financial markets. Higher persistence generates less incentives for agents to smooth their level consumption in time after asymmetric shocks and enhances their incentives to adjust permanently. Since our results builds on a mechanism relying on differences in terms of consumption smoothing, its importance decreases when the persistence of shocks increases and the argument tends to vanish as ρ a gets closer to unity. While asymmetric nominal rigidities preserve the sign of the result both in the case of the optimal plan and Taylor-type monetary policy rule, asymmetries in the pattern of nominal rigidities (η h /η f being more distant from one) imply lower welfare gains of financial markets incompleteness under the optimal plan and higher welfare gains under Taylor-type monetary policy rules. 5 We make use of the following relation between price contracts durations, (1 − η h ) 
Conclusion
This paper considers a currency area model in which each country is specialized in the production of a bundle of goods. Goods are traded, but there can be home bias in consumption. Prices are sticky. The model follows from Benigno [2004] with some modifications. In particular, a departure from a unitary intratemporal elasticity of substitution de-couples complete from incomplete markets. The complete market model with state-contingent securities is compared to an incomplete market model in which only one nominal bond is traded. When prices are sticky, relative prices are also sticky, so a currency area is a second-best world. The question that this paper asks is whether having completeness of financial markets improves welfare. The answer is no. In a second-best world like a currency area, completing financial markets does not reach the first best. Thus, within a second-best world completing the financial markets might not be welfare improving with respect to a world in which markets are incomplete. On top of this, we show that with incomplete markets the volatility of the inflation rate is even lower than under complete markets and that there are substantial gains from not having complete markets. The main message of the paper is interesting and has interesting policy implications: in a second best, more financial integration might not be welfare improving. 
